Abstract. An analysis has been performed to study the problem of the thermal performance of a nonlinear problem of the porous fin with temperature-dependent internal heat generation. Highly accurate semi-analytical methods called the collocation method (CM) and the homotopy perturbation method (HPM) are introduced and then are used to obtain a nonlinear temperature distribution equation in a longitudinal porous fin. This study is performed using passage velocity from the Darcy's model to formulate the heat transfer equation through porous media. The heat generation is assumed to be a function of temperature. The effects of the natural convection parameter Nc, internal heat generation εg, porosity Sh and generation number G parameter on the dimensionless temperature distribution are discussed. Also, numerical calculations called the fourth order Runge-Kutta method were carried out for the various parameters entering into the problem for validation. Results reveal that analytical approaches are very effective and convenient. Also it is found that these methods can achieve more suitable results compared to numerical methods.
Introduction
Fins are frequently used in many heat transfer applications to improve performance. On the other hand, for many years, high rate of heat transfer with reduced size and cost of fins is the main target for a number of engineering applications such as heat exchangers, economizers, super heaters, conventional furnaces, gas turbines, etc. Some engineering applications such as airplane and motorcycle also require a lighter fin with a higher rate of heat transfer. Increasing the heat transfer mainly depends on the heat transfer coefficient (h), the surface area available and the temperature difference between the surface and surrounding fluid. However, 54 this requirement is often justified by the high cost of the high-thermal-conductivity metals, in which high thermal conductivity metals also have high cost. The fin is porous to allow the flow of infiltrating through it. Extensive research has been done in this area and many references are available, especially for heat transfer in porous fins [1] [2] [3] [4] [5] . Described below are a few papers relevant to the study described herein. Nonlinear problems and phenomena play an important role in applied mathematics, physics, engineering and other branches of science, especially some heat transfer equations. Except for a limited number of these problems, most of them do not have precise analytical solutions. Therefore, these nonlinear equations should be solved using approximation methods. Perturbation techniques are too strongly dependent upon the so-called "small parameters" [6] . Many other different methods have been introduced to solve a nonlinear equation such as the δ-expansion method [7] , Adomian's decomposition method [8] , many homotopy perturbation method (HPM) [9] [10] [11] [12] [13] [14] [15] , many variational iteration method (VIM) [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] and many collocation method [26] [27] [28] .
In this work, we have applied the CM and the HPM to find the approximate solutions of nonlinear differential equations governing on porous fin with temperature-dependent internal heat generation. Results demonstrate that the proposed methods are simple and accurate compared with numerical method. It is found that these methods are powerful mathematical tools and that they can be applied to a large class of linear and nonlinear problems arising in different fields of science and engineering. 
Analysis
As shown in Figure 1 , a rectangular porous fin profile is considered. The dimensions of this fin are length L, with wand thickness t. The cross-section area of the fin is constant and the fin has a temperature-dependent internal heat generation. Also, the heat loss from the tip of the fin compared with the top and bottom surfaces of the fin is assumed to be negligible. Since the transverse Biot number should be small for the fin to be effective [27] , the temperature variation in the transverse direction is neglected. Thus heat conduction is assumed to occur solely in the longitudinal direction. The energy balance can be written as:
The mass flow rate of the fluid passing through the porous material can be written as:
The value of w V should be estimated from the consideration of the flow in the porous medium. From Darcy's model we have:
Substitution of Equations (2) and (3) into Equation (1) yields:
Also from Fourier's law of conduction:
where A is the cross-sectional area of the fin A wt = and eff k is the effective thermal conductivity of the porous fin that can be obtained from the following equation [3] :
where ϕ is the porosity of the porous fin. Substitution of Equation (6) into Equation (5) leads to:
It is assumed that heat generation in the fin varies with temperature as Equation (9) [27]:
[ ]
where * q ∞ is the internal heat generation at temperature T ∞ . For simplifying the above equations, some dimensionless parameters are introduced as follows:
)
where h S is a porous parameter that indicates the effect of the permeability of the porous medium as well as the buoyancy effect, so a higher value of h S indicates higher permeability of the porous medium or higher buoyancy forces. Nc is a convection parameter that indicates the effect of surface convecting of the fin. Finally, Equation (8) can be rewritten as:
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In this research, we study a finite-length fin with an insulated tip. For this case, the fin tip is insulated so that there will not be any heat transfer at the insulated tip and boundary condition will be ( ) ( )
3. Implantation of the analytical solution
Principles of collocation method (CM)
Suppose we have a differential operator D acting on a function u to produce a function p [28] :
We wish to approximate u by a function u ɶ, which is a linear combination of basic functions chosen from a linearly independent set. That is:
Now, when substituted into the differential operator, D, the result of the operations is not, in general, ( ) p x . Hence an error or residual will exist:
The notion in the collocation is to force the residual to zero in some average sense over the domain. That is:
where the number of weight functions i W is exactly equal to the number of unknown constants i C in u ɶ. The result is a set of n algebraic equations for the unknown constants i C . For the collocation method, the weighting functions are taken from the family of Dirac δ functions in the domain. That is, ( )
The Dirac δ function has the property that:
And residual function in Equation (15) must be zero at specific points.
Application
Consider the trial function as:
which satisfies the boundary condition in Equation (12) and sets it into Equation (11), the residual function, 
On the other hand, the residual function must be close to zero. For reaching these important, two specific points in the domain
should be chosen. These points are:
Finally, by substituting these points into the residual function, 1 2 ( , , ) R c c X , a set of two equations and two unknown coefficients is obtained. After determining these unknown parameters 1 2 ( , ) c c , the temperature distribution equation will be determined. Using the collocation method, the temperature formulation is as follows: 
The homotopy perturbation method (HPM)
In this section, we will apply the HPM to a nonlinear ordinary differential Equation (11) with the boundary condition (12) . According to the HPM, we can construct a homotopy of Equation (11) 
Note that when p increases from 0 to 1, ( )
into Equation (8) and rearranging the result based on powers of p-terms, we have ( ) 
Solving Equations (25)- (27) with boundary conditions, we have for example: 
The solution of this equation, when 1 p → , will be as follows:
Results and discussion
In the present study analytical techniques called CM and HPM are applied to obtain an explicit analytic solution of the rectangular porous fin temperature dependent internal heat generation (Fig. 1) . First, a comparison between the applied methods, obtained by the CM, HPM and numerical method for different values of active parameters is shown in Figures 4 to 6 . The numerical solution is performed using the Maple 16.0, algebra package to solve the present case. The package uses a boundary value (B-V) problem procedure. The algorithm can be used to find moderate accuracy solutions for ODE boundary value problems and initial value problems, both with a global error bound. The method uses either Richardson extrapolation or deferred corrections with a base method of either the trapezoid or midpoint method. The trapezoid method is generally efficient for typical problems, but the midpoint method is able to handle the harmless of end-point singularities. The midpoint method, also known as the fourth-order Runge-Kutta-Fehlberg method, improves the Euler method by adding a midpoint in the step that increases the accuracy by one order. Thus, the midpoint method is used as a suitable numerical technique [29, 30] . In addition, the validity of the proposed methods is shown in Table 1 . In this table, the % Error is defined as:
The results are proven to be precise and accurate in solving a wide range of mathematical and engineering problems, especially fluid mechanic cases. This accuracy gives us high confidence about the validity of this problem and reveals an excellent agreement of engineering accuracy. This investigation is completed by depicting the effects of some important parameters the convection parameter, generation number, internal heat generation parameter and porous parameter evaluate how these parameters influence this temperature.
From a physical point of view, Figures 2 to 5 are prepared in order to see the effects of the K and R flow parameters on the temperature distribution. As can be seen, the effect of natural convective heat loss (Nc) on non-dimensional temperature is shown in Figure 2 . However, these figures show that as the buoyancy effects become stronger, i.e., Nc increases, the local temperature in the fin decreases.
61 Table 1 The results of HPM, CM and numerical methods for θ(X) for Nc = 0.3, ε g = 0. On the other hand, the trend is opposite in the case of internal heat generation parameter as illustrated in Figure 3 . The increase in the internal heat generation parameter indicating, the temperature profile reaches to the higher value. Figure 4 shows the effect of porosity on temperature profiles. As seen, it is noticed that the tip temperature increases with the decrease of a porosity parameter. Hence, as the values of Sh increase, the fin cools down faster and quickly reaches the surrounding temperature.
Also, Figure 5 also allows us to see the effect of the e generation number on the temperature for the insulated tip case. As it can be seen, the local fin temperature increases as the parameters G increase. 
Conclusion
In this paper, an analytical analysis called the collocation method (CM) and the homotopy perturbation method (HPM) was presented to determine the temperature distribution in a porous fin with temperature-dependent of the internal heat generation. In order to derive the heat transfer equation, energy balance and the Darcy model are used. Also, the results obtained by the proposed method are validated by using a numeric scheme called the fourth order Runge-Kutta. The following important points can be concluded from the present study: For assessment of the CM and HPM, the solution and numerical tool, Table 1 has been presented. Comparison of the analytical solution with the numerical outcomes shows that the proposed methods are a convenient and powerful method in the engineering problem.
It was also found that increasing Sh while increasing either Da or Ra increases the heat transfer from fin. In addition, as the buoyancy effects become stronger, i.e., Nc increases, the local temperature in the fin decreases.
